Novel 5-amino-1H-1,2,3-triazoles were synthesized by a new synthetic route that involves consecutive tandem cycloaddition between nitriles and azides.
Triazoles are biologically significant compounds not yet found in any natural source. 1, 2 However, the triazole moiety can be found in several bioactive compounds that act as potential new drugs to treat several diseases; some examples of significant 1,2,3-triazoles are shown in Figure  1 . The acyl-hydrazone derivatives 1 and 2 have shown, respectively, excellent activity against Mycobacterium tuberculosis H37Rv (ATCC 27294) 3 and strong inhibitory antiplatelet activity. 4 The glycoconjugates 3 and 4 showed good inhibition respectively against α-glucosidase with possible use in the treatment 5 of diabetes mellitus type II and in vitro inhibitory profiles against HIV-1 reverse transcriptase. 6 In particular, it has been observed that 5-amino-1,2,3-triazoles and derivatives have important pharmacological properties such as antiallergic, 7 antibacterial activity, 8 and act as potassium channel activators 9 or A2A adenosine receptor antagonists. 10 The search for new biologically active triazole derivatives remains a great challenge. The 1,3-dipolar cycloaddition of azides with alkynes is a most versatile and popular route for the synthesis of 1,2,3-triazoles. 11 The synthetic procedure initially developed by Huisgen 12, 13 involves long reaction times, high temperatures, and leads to the formation of mixtures of 1,4-and 1,5-regioisomers. However, the discovery of the Cu(I)catalyzed azide-alkyne cycloaddition reaction by Meldal 14 and Sharpless 15 brought significant improvements to the synthesis of 1,2,3-triazoles. The combination of substituents on terminal alkynes and azide derivatives allows the synthesis of a range of 1,2,3-triazoles with es-ter, hydroxyl, keto, aryl, haloalkyl, trimethylsilyl, phenylsulfonyl, and phosphonate groups. [16] [17] [18] [19] Despite being a very versatile reaction, it does not cover the entire range of 1,2,3-triazole compounds, such as certain amino derivatives.
Usually, the syntheses of 5-amino-1,2,3-triazoles are carried out from 1,5-regiospecific 1,3-dipolar cycloadditions between azides and nitriles containing an activated methylene group (e.g., electron-withdrawing groups such as cyano, 20 phenyl, 21 and carboxyl groups 22 ) in a sodium alkoxide/alcohol medium. Other methods are available for the synthesis of 1,2,3-triazoles such as the condensation of alkyl diazoacetoacetates with phenyl-substituted hydrazines, 23,24 condensation of α-diazocompounds with amines followed by electrocyclization, 25, 26 cyclization of cyano-2-aryl-hydrazones, 27 coupling of allyl carbonates with trimethylsilyl azide catalyzed by [Pd 2 (dba) 3 ], 28 catalyzed by palladium, 29 and addition and cyclization between ethyl cyanoacetate and aromatic azides. 30 Based on our interest in the establishment of new synthetic methodologies leading to new potential bioactive 1H-1,2,3-triazoles, the work presented herein describes the synthesis of 5-amino-1H-1,2,3-triazoles by consecutive tandem cycloaddition between nonactivated nitriles and azides. Scheme 1 shows a comparison between literature data and the present studies on the synthesis of 5-amino-1,2,3-triazoles. Scheme 1 Comparison between literature data (a) and the present studies (b) on the synthesis of 5-amino-1,2,3-triazoles Azide derivatives 5 were prepared according to the literature procedure. 3 The reactions of the lithium carbanion, generated by the addition of BuLi to alkyl nitriles 6, with azides 5 gave rise to the new 5-amino-1H-1,2,3-triazoles (7a-h) in good yields (Scheme 2). 31 The structures of these compounds were assigned on the basis of their 1 H and 13 C NMR spectra, and their molecular compositions were confirmed by HRMS (ESI) analysis. 32
Scheme 2 Synthesis of 5-amino-1H-1,2,3-triazoles 7a-h
However, when the reaction was performed under the same conditions but with an excess of acetonitrile, 33 new triazole derivatives 8a-c were formed (Scheme 3). All the obtained compounds were fully characterized by 1 H and 13 C NMR spectroscopy and HRMS (ESI) analysis. 34 The formation of compounds 8a-c results from the addition of a second acetonitrile molecule to C-4. This phenomenon was not observed when the reaction was performed with propanonitrile since the C-4 position is blocked by the methyl group.
Scheme 3 Synthesis of 1-(5-amino-1H-1,2,3-triazol-4-yl)ethanone 8a-c
The proposed mechanism of this reaction is shown in Scheme 4. This mechanism involves the consecutive tandem cycloaddition of the lithium carbanion of the nitrile derivatives to the azides 5. When the reactions were performed with one equivalent of nitrile, the addition of water causes aromatization and formation of the amino group at position C-5. When the reaction is conducted with an excess of acetonitrile, addition of a second acetonitrile molecule occurs after the cycloaddition, followed by the addition of water, leading to aromatization, the formation of the carbonyl group at C-4, and the amino group at C-5. In conclusion, this study reports a new methodology with which to prepare novel 5-amino-1H-1,2,3-triazoles involving consecutive tandem cycloaddition between nonactivated nitriles and azides. This approach allows the synthesis of 5-amino-1,2,3-triazoles that are not easily obtained by other procedures under mild conditions.
